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The unknown cause may be attributable to changes in environmental risk factors. Various explanations have been proposed including a dysfunctioning immune system, occupational exposure to pesticides or rural residence, 2 but so far no clear causal factors are forthcoming.
Ingested nitrate produces N-nitroso compounds, after amination in the stomach, with known carcinogenic properties. Two recent American studies have shown a positive association between drinking water nitrate and NHL 3 4 and this study has investigated the association for the first time in the United Kingdom. Age-sex specific population counts from the 1991 census (ESRC purchase, Crown Copyright) were linked to a WSZ using a Geographical Information System, as described elsewhere, 6 forming the underlying susceptible population. Poisson regression models were fitted to observed counts of cases within each WSZ using the log of the number of expected cases, derived from age-sex standardised incidence rates, as the oVset. Population density (persons per hectare) and nitrate were assigned into three categories with approximately equal number of persons in each level (table 2) . Population density was included as a proxy for urban/rural status, as previous research has shown rural habitation is a risk factor for NHL. 7 The eVect of removing nitrate exposure from the model was tested using the likelihood ratio statistic and the simplest model was chosen based on significant improvement in model fit. The incidence rate ratio is reported as a measure of association and poor model fit caused by extra-Poisson variation was corrected using the method of Breslow. Modelling was repeated for nodal and extra-nodal sites, time period at diagnosis and age group (0-59, 60-79), as evidence suggests these subsets have potentially distinct aetiologies.
Methods

Results
There were no significant associations between NHL incidence and explanatory variables for all cases combined. For 1984-88, nitrate was retained in the model and had a significant positive association with the incidence of NHL at both the second and highest levels above baseline. In contrast, removing nitrate from the model for the second time period, 1989-93, did not significantly reduce model fit. There was no association between nitrate or population density and NHL in the two age groups or in extra-nodal cases. The rate ratio for level 2 of nitrate was significantly raised for nodal sites, however, that of the highest level of nitrate exposure was not significantly raised. Model residuals showed no systematic spatial pattern when mapped by WSZ or observable higher order interactions.
Discussion
There was no evidence of an association between nitrate in drinking water and the incidence of NHL for the entire study period. Population density was retained throughout the model building as a control variable, but showed no significant association. These results contrast with previous studies in the US state of Nebraska where NHL was found to be associated with increased levels of nitrate. 3 4 A small ecological study of 195 cases 3 found increased incidence in "counties" with more than 20% of the water failing their statutory limit of 10 ppm nitrate-nitrogen (equivalent to 44 mg/l of nitrate). A case-control study in the same state used an imprecise estimate of nitrate exposure assessed from single annual measurements for a "city or town"; 26% of Yorkshire WSZs had average nitrate concentrations exceeding 18 mg/l, the level with reported statistically increased risk in Nebraska. 4 Incidence during 1984-88 showed significant associations with nitrate, a pattern that did not persist to 1989-93. Data collection procedures and quality have remained consistent and diVerences cannot be explained by systematic change in practice. The other subgroups showed no association with nitrate with the exception of nodal disease. However, the lack of dose response or significance of the highest category suggest confounding with a further unmeasured variable. Population density, always included during the modelling process, reduced the likelihood of observing nitrate as a confounder for factors associated with rural habitation.
Nitrate measurements represented a six year time period, during which 81% of all WSZs did not change. 6 Historical data before 1990 were not systematically collected, and analyses of these data would not be possible. However, systematic migration of those persons with NHL initiated, but not diagnosed, to a lower water nitrate region, which could account for the lack of consistent association, is unlikely.
Studies using areal units of analysis assign an exposure to all persons based on the properties of the area. However, despite heterogeneity across the study area each geographical unit of analysis (WSZ) was internally homogenous with respect to nitrate levels. The small geographical areas of the WSZs and homogeneity of water quality within a WSZ, lead to an accurate picture of the population structure and nitrate exposure from drinking water. Added to this, a survey reported 99% of all households in the United Kingdom drink tap water, and 77% of total liquid consumption is derived from tap water. 7 Measuring nitrate load using this method avoids reporting bias from people and inherent problems with dietary studies of people, particularly the evaluation of micronutrient ingestion.
Despite the observed association in the first time period between nitrate and incidence of NHL, the trend or significant associations do not persist into the second half of the data collection period and was not evident for the entire period. These results do not provide substantial evidence to support the hypothesis that nitrate in drinking water is an initiator or promoter of non-Hodgkin's lymphoma, in contrast with previous studies. 
